INTRODUCTION
============

Neurocutaneous melanosis (NCM) is a rare dysmorphogenesis associated with single or multiple giant pigmented cutaneous nevi and abnormal proliferation of the melanin-containing cells in the leptomeninges of the central nervous system (CNS). Since the Rokitansky have been described in 1861, fewer than 200 cases of NCM have been reported in literature[@B2],[@B4],[@B8],[@B15],[@B17],[@B21],[@B23],[@B24],[@B26],[@B28]. The leptomeninges of the skull base, ventral surface of brain stem and cerebellum are the most affected sites of CNS[@B4],[@B10],[@B11],[@B16],[@B17],[@B25],[@B26]. The malignant transformation into malignant melanoma is seen in about 40-64% of cases with death after CNS complications[@B6],[@B10],[@B12],[@B15],[@B17],[@B18],[@B19],[@B25]. Di Rocco et al.[@B11] and other authors[@B4],[@B19],[@B20],[@B21] reported that 8% to 10% of patients with NCM have been associated with Dandy-Walker complex (DWC), which was suggested by some authors[@B4],[@B6],[@B10],[@B17],[@B21],[@B23], a new term instead of Dandy-Walker malformation, Dandy-Walker variant, and the mega cistern magna. Spinal involvement may be seen in about 20% of NCM patients[@B10],[@B26].

We would like to report a 14-year-old NCM patient accompanied with DWC who displayed malignant melanoma in the cerebral hemisphere along with extensive malignant infiltration of spinal meninges.

CASE REPORT
===========

A 14-year-old male patient visited our hospital with headache, nausea, vomiting, dysarthria and right hemiparesis grade I as the main symptoms. Dark brown colored large melanocytic nevus that covered about 1/2 of the trunk and various sized nevus ranging from several millimetre to several centimetre were observed throughout the whole body of the patient ([Fig. 1](#F1){ref-type="fig"}).

When the patient was 6 months old, in the dermatology department of our hospital, histologic examination of nevus sections showed nevus cell infiltration with pigmentation in the reticular dermis. No evidence of malignant transformation was found ([Fig. 2](#F2){ref-type="fig"}). The patient suffered an onset of seizure when he was two years old and received treatment with anticonvulsant medication at the pediatric department of our hospital. Under NCM impression at the time, serial follow-ups for clinical symptoms were done for 12 years by the pediatrics department. During that time, there was no manifestation of abnormal neurological symptoms. The patient visited due to motor weakness. The computed tomography (CT) imaging scans showed intracerebral and intraventricular hemorrhage throughout left posterior frontal cortical area and left lateral ventricle. Under magnetic resonance image (MRI) gadolinum-enhanced T1 weighted image, partially high signal was detected in the cortical area of frontal lobe. Small inhomogenous high signal was also observed on the pons, temporal horn, and anterior portion of lateral ventricle through gadolinum-enhanced T1 weighted image. MRI scans also revealed a cyst in the posterior fossa and hypoplasia of the cerebellar vermis with dilatation of the entire ventricular system. Longitudinal diffuse enhancement lesion was observed along the posterior dura at the thoracic level in the whole spine MRI scans carried out for the purpose of screening but nodular lesion or focal mass lesion was not observed in other areas ([Fig. 3](#F3){ref-type="fig"}). Although surgical treatment under NCM impression accompanies by DWC was recommended, we could not operate on him due to refusal by the guardian. After the conservative care during one month, the patient was discharged with improvement of neurological symptoms. However, the patient was hospitalized again with headache and right hemiparesis grade I after 4 months. Large mass, which is a marked enlarged state of left frontoparietal area, was observed under the MRI scans. The surgical treatment was performed. Tumor along with diffuse dark colored leptomeninges and with soft, friable, vascularized and poorly defined borders of margin was removed gross totally ([Fig. 4](#F4){ref-type="fig"}). Histopathologic examination showed melanin-pigment laden neoplastic cells, necrotic change and pleomorphic malignant cell, which could be diagnosed the malignant melanoma ([Fig. 5A-C](#F5){ref-type="fig"}). No pathologic deposits of the skin area were seen in the positron emission tomography with 18-FDG ([Fig. 5D](#F5){ref-type="fig"}). It was possible to definitively diagnose NCM with DWC. After 2 month following first brain surgery, the patient was discharged with symptom improvement. Three months after discharge, the patient was hospitalized again with observation of increased intracranial pressure symptoms such as decreased mentality, headache and nausea. Re-grown large mass on the left frontoparietal area and new mass on left medial temporal area were observed under MRI scans ([Fig. 6](#F6){ref-type="fig"}). The mass on the left frontoparietal area was removed gross totally once again through surgery with same pathological findings. On the 3rd week following the second surgical treatment, the patient complained of back pain, voiding difficulty, left side motor weakness grade III and respiratory difficulty. So spinal MRI scans was done, and mass lesion with high signal at the T2 weighted image and inhomogenous high signal at gadolinum-enhanced T1 weighted image along the C5-T3 area were observed, and bilateral laminectomy with partial removal of the mass was performed. The intradural mass showed a soft, friable, highly vascularized characteristics and infiltrated into the leptomenignes with extremely poorly defined border ([Fig. 7](#F7){ref-type="fig"}). Although performing aggressive treatment, decreased of consciousness, respiratory difficulty and motor weakness continued in the patient, and progressive hydrocephalus was observed on CT scan. The guardian did not wish further treatment. The patient died on the 3rd week following the spine surgery.

DISCUSSION
==========

Since the first report was described in 1861, the diagnostic criteria was established by Kadonaga and Frieden in 1991 ([Table 1](#T1){ref-type="table"})[@B18]. To exclude the cases of cutaneous melanoma with brain metastasis, they suggested the no evidence of cutaneous melanoma except in patients in whom the examined portions of the meningeal lesions are benign. And the cases of definite NCM require histologic confirmation of the CNS lesions. On the other hand, the cases without histologic confirmation of CNS lesions are considered provisional.

NCM is a nonhereditary entity, which occurs equally in both sexes[@B6],[@B12],[@B16],[@B19],[@B23],[@B24],[@B29]. The pathogenesis of NCM is not clear. Melanocytes normally exist in human epidermis, hair bulb, leptomeninges, uveal tract and retina[@B26],[@B30], and are thought to be derived from multipotential precursor cells of the neural crest[@B19]. And these neural crest cells normally migrate to their final position in embryonic skin by day 50 of development[@B26], and have been detected in fetal epidermis at 8-10 weeks and 5.5 months in the fetal meninges[@B14]. In normal development, proper differentiation of these cells into mature melanocytes has been done after the cell migration. Therefore, NCM may be related to a congenital errors in dysmorphogenesis of multipluripotent precursor cells of the embryonal neuroectoderm[@B2],[@B4],[@B7],[@B10],[@B14],[@B19],[@B21],[@B29].

The DWC is a rare developmental disorder of the CNS and their incidence has been estimated to be one per 25000-30000 live births[@B4],[@B19]. The DWC is characterized by hypoplasia or aplasia of the cerebellar vermis, cystic dilatation of the posterior fossa, and an enlarged fourth ventricle. Although the pathogenesis of DWC is not clear, it was thought that they are caused by an induction failure of the opposing cerebellar plates and the persistence of the membrane area of the fourth ventricle before the 7th week of embryonic development[@B4],[@B20].

The association of NCM with DWC are very rare and fewer than 30 cases have been reported. We reviewed the 26 literatures[@B2],[@B4],[@B6],[@B7],[@B8],[@B9],[@B10],[@B12],[@B13],[@B14],[@B16],[@B17],[@B19],[@B20],[@B21],[@B22],[@B23],[@B24],[@B25],[@B26],[@B27],[@B28],[@B29],[@B30], and our case. The definite mechanism of the concurrent NCM and DWC is still unknown. The meningeal cells are important in cerebellar development[@B7],[@B9],[@B16],[@B26]. And many authors[@B4],[@B6],[@B7],[@B10],[@B11],[@B14],[@B17],[@B19],[@B21],[@B23],[@B24],[@B25],[@B26],[@B28] proposed that excessive melanosis of the leptomeninges may interfere with ectodermal-mesodermal interaction and normal cerebellar development. This developmental interference may lead to the clinical images of the DWC.

When neurologic symptoms occur, NCM generally has a poor prognosis regardless of the presence of malignancy[@B17],[@B19],[@B25],[@B26],[@B29]. Furthermore, the concurrent existence of DWC appears to have a more poorer prognosis[@B7],[@B8],[@B11],[@B21],[@B22],[@B26]. Several authors[@B6],[@B10],[@B12],[@B15],[@B17],[@B18],[@B19],[@B25] reported that malignant transformation is seen in about 40-64% of cases with death presenting CNS complications. In presence of leptomeningeal malignant melanoma, the patients showed the rapid deterioration and tumor extension to CNS area through the leptomeninges.

The prognosis of provisional NCM (pNCM) with DWC was generally good[@B2],[@B4],[@B6],[@B8],[@B10],[@B13],[@B14],[@B19],[@B25],[@B26],[@B28]. Most of their main symptoms were hydrocephalus and seizure. Nine of 11 patients of pNCM with DWC were alive when they were reported. On the other hand, the prognosis of definite NCM (dNCM) with DWC was very poor[@B7],[@B9],[@B12],[@B16],[@B17],[@B20],[@B21],[@B22],[@B23],[@B24],[@B25],[@B27],[@B29],[@B30]. The clinical symptoms of dNCM were more severe and the spinal involvement was more frequent[@B9],[@B12],[@B16],[@B23],[@B24]. The eleven of 16 patients died of neurologic deterioration. The eight of 11 expired patients presented the malignant melanoma. Among the eight cases, six patients, including our case, showed the malignant transformation to CNS melanoma during the follow-up after diagnosis pNCM[@B9],[@B16],[@B17],[@B22],[@B25]. Although the pNCM with DWC has a favorable prognosis, the possibility of the malignant transformation to CNS melanoma has been reported, as mentioned above. And so we suggest that the long-term follow-up will be needed for these pNCM with DWC.

CONCLUSION
==========

After the diagnosis of NCM with DWC, there is no particular treatment to prevent the malignant change, so the physician needs the closed follow-up for the patients, even if the symptom are stable. In our study, this patient has prolonged survival period of about 14 years since the occurrence of seizure at the age of 2. After the stable period of 12 years, the patient showed the rapid progression of symptom and extension of tumor to brain and spinal cord. We reported a proper case, which presented the clinical progress from the malignant change of NCM to patient\'s terminal state.

![Large and numerous congenital melanocytic nevi.](jkns-56-61-g001){#F1}

![The skin showed nevus cell infiltration with pigmentation in the reticular dermis (hematoxylin and eosin, ×40).](jkns-56-61-g002){#F2}

![T1-weighted MR scan images of brain and spine with gadolinium injection performed show significant enhancement of cortex in posterior frontal area (brain axial), significant enhancement of pons and hypoplasia of superior or inferior cerebellar vermis and both cerebellar hemisphere with dilatation of the inferior fourth ventricle, cystic enlargement of the posterior fossa (brain sagittal), and extensive enhancement of leptomeninges in spinal cord (spine sagittal).](jkns-56-61-g003){#F3}

![T1-weighted MR scan (axial and sagittal) images with gadolinium injection performed show significant enhancement of large mass lesion in left frontoparietal area. Intraoperative view shows black diffuse infiltration of leptomeninges and large mass.](jkns-56-61-g004){#F4}

![Pathological findings show diffuse or solid pattern of small to medium sized malignant cells with dense and hyperchromatic round nuclei and scanty cytoplasm \[hematoxylin and eosin (H&E), ×400\] (A). Extensive geographic shaped necrosis surrounded by pallisading malignant cells also noted (H&E, ×600) (B). Melanin-pigment laden neoplastic cells are frequently observed (Melanin A, ×400) (C). The positron emission tomography with 18-FDG shows no pathologic deposits of the skin area (D).](jkns-56-61-g005){#F5}

![T1-weighted MR scan images with gadolinium injection performed. Significant enhancement of recurred mass lesion in left frontoparietal area (A) and new mass on left medial temporal area are observed (B).](jkns-56-61-g006){#F6}

![T1-weighted MR scan images of spine performed after gadolinium injection show extensive enhancement of leptomeninges involving whole spinal cord and new mass lesion in lower cervix and upper thorax. Intraoperative view in spine shows black diffuse infiltration of leptomeninges with extremely poorly defined border and mass.](jkns-56-61-g007){#F7}
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NCM criteria of Kadonaga and Frieden
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Adopted from Kadonaga JN, Frieden IJ : J Am Acad Dermatol 24 (5 Pt 1) : 747-755, 1991[@B18]. NCM : neurocutaneous melanosis
